



A STUDY OF EPOXY NANOCOMPOSITES INSULATING MATERIALS 












A project report submitted in partial fulfilment of the  
requirements for the award of the degree of  





Faculty of Electrical Engineering 


















Special dedicated to 
My beloved parents (Ummi & Walid) 
Haji Saad Bin Arifin 
& 
Hajjah Siti Esah Binti Yusoff 
 
My Siblings 
Muhammad Redzuan, Muhamad Adzahan, Mohd Faiez Sofwan,  
Intan Fatim Munirah, Luqman Farhan, Syafiq Aiman 
 











ALHAMDULILLAH, with the helped from Allah (S.W.T) the Almighty, this 
project was completed successfully. All praises, my sincere and deepest thankful be 
to Allah (S.W.T), and may His peace and blessings be upon the Prophet Muhammad 
S.A.W (peace be upon him). 
 
First and foremost, in particular, I wish to express my special appreciation to 
my master’s project supervisor, Dr. Yanuar Zulardiansyah Arief for his 
encouragement, guidance, friendly advice and motivation I received from him 
especially in my master programme and as my lecturer. I am very grateful to have 
him as my supervisor in helping me for the completion of this project and thesis. 
May Allah (S.W.T.) reward and bless him greatly. 
 
Special thanks are dedicated to all who have helped me in this project from 
any kind of angle: Mr. Mohd Hafizi Ahmad, Mr. Aulia, Mr. Abdul Azim, Miss Wan 
Akmal Izzati, all lecturers, supporting staffs from IVAT, faculty managements and 
also my colleagues who always act as my backbone when I needed them most during 
my trouble.  
 
Last but not least, I would like to express my sincere appreciation to my 
beloved family and siblings for their financial support and encouragement that made 
me strong and motivated enough to accomplish my master degree. Finally, thank you 
for all the people that contribute direct or indirectly to finish this thesis. May Allah 
bless and return your good deeds. 
 









 Polymeric insulating materials have attracted wide interest especially in high 
voltage equipments due to its potential properties enhancement. One of the main 
phenomena of partial discharges occurred in polymeric insulating material is 
electrical treeing phenomena. This kind of phenomena will cause excessive electric 
field stress at points where void and defects located. This thesis presents the 
thorough analysis of electrical treeing phenomena in epoxy nanocomposites. Epoxy 
resin nanocomposites containing 1 wt% and 3 wt%, of nanofillers sized organically 
modified montmorillonite (OMMT) nanoclay and silicon dioxide (silica) nanofillers 
were prepared and investigated, with unfilled epoxy resin served as reference 
material. The nanocomposites were prepared by using leaf-like specimen’s method 
and online monitoring method was used to test the samples. Electrical insulating 
properties, mainly the electrical tree resistance were investigated based on to IEC 
1072:1991, “Methods of Test for Evaluating the Resistance of Insulation Materials 
against the Initiation of Electrical Trees”. There are three main parameters were 
collected during experiment was conducted which are tree inception voltage (TIV), 
tree breakdown voltage (TBV) and tree propagation time (TPT). Field emission 
scanning electron microscope (FESEM) was performed to determine the dispersion 
state of nanoclay epoxy resin nanocomposites. Based on the results, it was found that 
the existence of OMMT and silica nanofillers in polymer matrix could exhibit 
electrical tree growth. Furthermore, the presence of OMMT nanoclay in epoxy resin 










Polimer bahan penebat telah menarik minat yang luas terutamanya dalam 
peralatan voltan tinggi kerana potensinya untuk menambahbaik ciri-cirinya. Salah 
satu fenomena utama dalam pelepasan separa penebat pada bahan penebat polimer 
adalah fenomena elektrik treeing. Fenomena ini akan menyebabkan tekanan medan 
elektrik yang berlebihan di tempat-tempat di mana wujudnya ruang kecil dan 
kecacatan pada bahan tersebut. Tesis ini membentangkan analisis yang menyeluruh 
mengenai fenomena elektrik treeing pada epoksi nanokomposit. Epoksi 
nanokomposit yang mengandungi 1% dan 3% tanah liat bersaiz nano (nanoclay) dan 
silikon dioksida (silica) bersaiz nano telah disediakan dan disiasat, di mana epoksi 
tanpa nanoclay dijadikan sebagai bahan rujukan. Nanokomposit telah disediakan 
dengan menggunakan kaedah leaf-like spesimen dan kaedah pemantauan terus untuk 
menguji sampel. Sifat penebat elektrik, terutamanya rintangan elektrik treeing telah 
disiasat berdasarkan IEC 1072:1991, "Kaedah Ujian untuk Menilai Rintangan Bahan 
Penebat terhadap Permulaan Elektrik Treeing". Terdapat tiga parameter utama 
dikumpul semasa eksperimen dijalankan iaitu voltan penubuhan treeing  (TIV), 
voltan pecahan treeing(TBV) dan masa perambatan treeing (TPT). Field emission 
scanning electron microscope (FESEM) telah dijalankan untuk mengkaji keadaan 
campuran nanoclay di dalam epoksi nanokomposit. Berdasarkan keputusan yang 
diperolehi melalui eksperimen dan analisa yang dibuat, telah didapati bahawa 
kewujudan nanoclay OMMT dan nano silica di dalam matriks polimer boleh 
menyekat pertumbuhan elektrik treeing. Tambahan pula, kehadiran nanoclay OMMT 
dalam epoksi membuatkan pertumbuhan elektrik treeing lebih cepat berbanding 
kehadiran nano silica di dalam epoksi nanokomposit. 
 
 
